it should be of much significance to study the photoluminescent properties of BLnT thin films which simultaneously contain the Ln activator ions and Bi ions. Our previous studies show that there is an unusual concentration quenching effect of photoluminescence with a quenching concentration of x value as high as about 0.40 for Bi 4−x Eu x Ti 3 O 12 thin films on indium tin oxide ͑ITO͒-coated glass substrates.
͑BGdT͒ thin films were prepared on indium-tin-oxide-coated glass substrates by chemical solution deposition and the photoluminescence, ferroelectric, and dielectric properties of the thin films were investigated. All the thin films exhibited a polycrystalline bismuth-layered perovskite structure. Photoluminescence studies showed that the enhancement of emission intensities for two Eu 3+ emission transitions of 5 O 12 , are being regarded as one of most potential materials for nonvolatile ferroelectric random access memories because of their high fatigue resistance, good retention, high remanent polarization, fast switching speed, etc. 4, 5 In BLnT thin films, the rare earth elements act as structural modifiers which greatly improve the electrical properties of bismuth titanate thin films. 6, 7 Considering that some rare earth elements, such as Eu, Pr, and Er, can also act as the activator ions of luminescent materials, 8, 9 and Bi 3+ ion can function as both an activator and a sensitizer for photoluminescent materials, 10, 11 it should be of much significance to study the photoluminescent properties of BLnT thin films which simultaneously contain the Ln activator ions and Bi ions. Our previous studies show that there is an unusual concentration quenching effect of photoluminescence with a quenching concentration of x value as high as about 0.40 for Bi 4−x Eu x Ti 3 O 12 thin films on indium tin oxide ͑ITO͒-coated glass substrates. 12 However, for most BLnT thin films, the doping amount of rare ions about 0.85 results in better electrical properties of the thin films. 6, 13, 14 In order to obtain the BLnT thin films with both good electrical and photoluminescent properties at the same time, an attempt to prepare Eu-and Gd-codoped bismuth titanate ͑BEGT͒ thin films with both Eu 3+ and Gd 3+ doping amounts being 0.425, giving a total doping amount of rare earth ions of 0.85, has been made in this study. It is expected that, on the one hand, the BEGT thin films might exhibit good photoluminescent properties since Eu 3+ doping amount of 0.425 in the thin films is close to the quenching concentration about 0.40 of BEuT thin films, on the other hand, the BEGT thin films might also show good electrical properties comparable to those of BEuT thin films and of BGdT thin films because total doping amount of rare earth ions is maintained to be 0.85 in the thin films. Our results confirmed that improved photoluminescence and electrical properties were obtained for BEGT thin films compared with BEuT and BGdT thin films prepared under the same experimental conditions. The crystal structure of the thin films was analyzed by an x-ray diffractometer ͑XRD͒ ͑Rigaku, D/MAX 2200 VPC͒ with working current of 20 mA and voltage of 40 kV, respectively. The photoluminescence spectra were obtained by using Shimadzu RF-5301PC Spectrofluorophotometer. To measure the electrical properties, Pt top electrodes were deposited on the surfaces of the films through a shadow mask. The dielectric constant and dielectric loss were measured using Agilent 4284a with the applied ac signal amplitude of 100 mV and the ferroelectric properties were characterized using a radiant precision workstation ferroelectric tester.
XRD analysis indicated that all the BEGT, BEuT, BGdT, and BIT thin films have a bismuth-layered perovskite structure with random orientation and the codoping of rare earth ions did not change the structure of Bi 4 Ti 3 O 12 .
15 Figure 1 shows the excitation spectra of Eu 3+ emission of BEGT and BEuT thin films monitored at 617 nm Fig. 1 that this excitation band did not effectively excite the Eu 3+ ions. In contrast, the wide excitation band located at between 320 and 380 nm with the peak at around 350 nm shows more effective excitation. This band is known to be the Bi 3+ excitation band. [16] [17] [18] Comparing the emission spectra of BIT thin films under 350 nm excitation to the excitation spectra of BEuT thin films, it can be found that there indeed is an energy overlap between Bi 3+ emission and Eu 3+ excitation spectra. The energy overlap between the emission band of the Bi 3+ ion and the excitation band of the Eu 3+ ion has been reported before. 18, 19 The emission band with the peak centered at around 387 nm corresponds to the 3 P 1 → 1 S 0 transition. Figure 3 displays the emission spectra of BEGT and BEuT thin films under 350 nm exciting wavelength. The two sharp peaks centered at 594 and 617 nm were observed in BEGT and BEuT thin films which corresponded to the Eu 3+ emission. The emission peak at 594 nm is known as a magnetic dipole transition of 5 D 0 → 7 F 1 , which is almost independent of the symmetry site of the Eu 3+ ions, whereas the 617 nm peak corresponded to the 5 D 0 → 7 F 2 transition is an electric dipole transition, and it occurs when Eu 3+ ions occupy the noncentrosymmetric sites. 20 3+ and Gd 3+ ions in BEGT thin films also contributes to the enhancement of photoluminescence which needs further study. Figure 4 displays the polarization-electric field ͑P-E͒ hysteresis loops of BEGT, BEuT, and BGdT thin films. It can be seen that all the thin films show similar P-E hysteresis loops. The remanent polarization ͑2P r ͒ of BEGT thin films is 26.2 C / cm 2 , which is higher than those of BEuT ͑23.4 C / cm 2 ͒ and BGdT ͑20.3 C / cm 2 ͒ thin films prepared under the same experimental conditions. The remanent polarization values are comparable to that of metalorganic solution derived BEuT ͑x = 0.75͒ thin films deposited on Pt/ Ti/ SiO 2 / Si substrates annealed at the same temperature. 23 In addition, the dielectric properties of BEGT, BGdT, and BEuT thin films were measured, as shown in Table I . The dielectric constant and dielectric loss of BEGT thin films are 143.3 and 0.04 at 1 kHz, respectively. The dielectric constant value of BEGT thin films is higher than those of BEuT and BGdT thin films ͑123.2 and 113.2, respectively͒ prepared under the same experimental conditions. These results indicate that the BEGT thin films also show better ferroelectric and dielectric properties than BEuT thin films and BGdT thin films.
In conclusion, Bi 
